METHOD OF FORMING TRENCH IN SEMICONDUCTOR DEVICE 


BACKGROUND 

5 1. Field of the Invention 

[0001] The present invention relates to a method of forming a trench in 

a semiconductor device and, more specifically, to a method of forming a 
trench in a semiconductor device capable of controlling micro trenches and a 
micro loading effect in an etching process for forming the trench. 

10 

2. Discussion of Related Art 

[0002] Recently, with promotion of high integration and high 

performance of a semiconductor, a technology of manufacturing a 
semiconductor device with a high degree of integration has been also required. 

15 A technology of narrowing a gate width of a metal oxide semiconductor field 
effect transistor (MOSFET) and an element isolating technology are 
associated most closely with the promotion of high integration of a 
semiconductor device. As the element isolating technology, a recessed-local 
oxidation of silicon (R- LOCOS) technology has been used widely. However, 

20 a trench forming technology is used in almost all devices having a line width 
of 0.25|im or less. 

[0003] In the element isolating technology using the current trench 

forming technology, unexpected micro trenches are formed mainly when a 
silicon substrate is dry-etched. When a voltage is applied to and a current is 


allowed to flow in a device, a leakage current generated due to a stress field by 
lattice defects in a periphery of the trench does fatal damages to reliability of 
the device. Further, depths of trenches are different depending upon spaces 
due to a micro loading effect. A pad oxide film (with a thickness of, for 
5 example, 30 A to 200 A) and a pad nitride film (with a thickness of, for 
example, 500 A to 2000 A) are deposited on a silicon substrate, and a 
photoresist pattern (with a thickness of, for example, 5000 A to 12000 A) is 
formed thereon. Thereafter, when a dry etching process using the photoresist 
pattern as an etching mask is performed, differences in etching speed are 

1 0 caused depending upon density differences of the trenches, whereby the trench 
depths are different between an area in which the trenches are densely formed 
(hereinafter, referred to as a "dense area") and an area in which the trenches 
are sparsely formed, not densely formed, (hereinafter, referred to as a "sparse 
area"). For example, when the trench depth is 2000 A, the etched depth can be 

15 varied between 1700 A to 2300 A, depending upon performance and condition 
of an etching apparatus. This can cause difference in property of element 
isolation depending upon wafer portions or wafers. 

[0004] A main reason for causing the difference in etching speed 

between the dense area and the sparse area is that a height through which the 
20 etching byproducts generated in the etching process should pass is too large 
and the height obstructs reaching of the ions and radicals to a surface to be 
etched, thereby causing the difference in etching speed between the dense area 
and the sparse area. This reason very seriously influences a high-performance 
semiconductor device of 0.1 3 jam or less class, and the difference in etched 
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depth due to the difference in etching speed causes difference in electrical 
characteristics of an oxide film in the element isolation, such as a threshold 
voltage, a channel voltage, a punch through between the dense area and the 
sparse area, etc. 

5 

SUMMARY OF THE INVENTION 
[0005] Accordingly, the present invention is directed to controlling 

micro trenches and a micro loading effect occurring in an etching process for 
forming a trench. 

10 [0006] According to a preferred embodiment of the present invention, 

there is provided to a method of forming a trench in a semiconductor device, 
comprising: a step of depositing a first pad film and a second pad film on a 
semiconductor substrate; a step of pattering the first and second pad films to 
expose the semiconductor substrate; a step of performing an ion implanting 

1 5 process to the exposed semiconductor substrate to cause lattice defects in an 
area of the semiconductor substrate into which the ions are implanted through 
the ion implanting process; and a step of performing an etching process using 
a trench etching mask, wherein the area of the semiconductor substrate in 
which the lattice defects are caused in the above step is etched more rapidly 

20 than an area in which the lattice defects are not caused, thereby forming the 
trench. 

[0007] One aspect of a preferred embodiment of the present invention is 

to provide a method of forming a trench in a semiconductor device, 
comprising: a step of depositing a first pad film and a second pad film on a 
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semiconductor substrate; a step of patterning the first and second pad films; a 
step of forming spacers on inner side walls of the patterned first and second 
pad films; a step of performing a first ion implanting process to the 
semiconductor substrate exposed between the spacers; a step of performing an 
5 etching process to decrease thicknesses of the spacers, thereby increasing a 
line-width of a trench to be formed in subsequent processes; a step of 
performing a second ion implanting process to the semiconductor substrate; 
and a step of etching an area of the semiconductor substrate in which lattice 
defects are caused through the first and second ion implanting processes, 
1 0 thereby forming the trench, 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] The above and other objects, advantages and features of the 

present invention will become apparent from the following description of 
15 preferred embodiments given in conjunction with the accompanying drawings, 
in which: 

[0009] Figs. 1 to 6 are cross-sectional views illustrating a method of 

forming a trench in a semiconductor device according to a preferred 
embodiment of the present invention. 

20 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0010] Now, preferred embodiments of the present invention will be 

described with reference to the accompanying drawings. However, the present 
invention is not limited to the embodiments disclosed in the following 
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description, but can be implemented into various changes and modifications. 
Thus, these embodiments are only intended to completely inform those skilled 
in the art of a scope of the present invention. 

[0011] Figs. 1 to 6 are cross-sectional views illustrating a method of 

5 forming a trench in a semiconductor device according to an embodiment of the 
present invention. Here, the same reference numerals of reference numerals 
shown in Figs. 1 to 6 indicate the same elements having the same function. 
[0012] Referring to Fig. 1, a semiconductor substrate 10 cleaned 

through a pre-cleaning process is provided. In the pre-cleaning process, the 

10 semiconductor substrate 10 is cleaned with a Diluted HF (DHF) solution, and 
then cleaned with an SC-1 (NH4OH/H2O2/H2O) solution, or sequentially 
cleaned with a Buffer Oxide Etchant (BOE) solution and the SC-1 solution. 
[0013] A pad oxide film 12 is deposited on the semiconductor substrate 

10 cleaned through the pre-cleaning process as described above. At that time, 

15 for the purpose of processing crystal defects of an upper surface of the 
semiconductor substrate 10, it is preferable that the pad oxide film 12 is 
subjected to an oxidation process using a dry or wet oxidation method in a 
temperature in the range of 750°C to 800°C, to have a thickness of 30 A to 
500 A. Then, a pad nitride film 14 is deposited on the pad oxide film 12. At 

20 that time, the pad nitride film 14 may be formed out of a nitride film or a nitric 
oxide film. Further, it is preferable that the pad nitride film 14 is deposited to 
have a thickness of 500 A to 3000 A, considering a height of a high density 
plasma (HDP) oxide film for an element isolation film to be buried in a 
subsequent trench 24 (see Fig. 6). Thereafter, a capping layer 16 is deposited 
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on the pad nitride film 14. At that time, it is preferable that the capping layer 
16 is formed out of an oxide film to have a thickness of 300 A to 2000 A. 
[0014] A photoresist (not shown) is applied to the top surface of the 

whole structure in which the capping layer 16 has been deposited, and then an 
5 exposure process and a development process using a photo mask are 
performed thereto, thereby forming a photoresist pattern 18. Then, an etching 
process using the photoresist pattern as an etching mask is performed, so that 
the capping layer 16, the pad nitride film 14 and the pad oxide film 12 can be 
all patterned, or the pad oxide film 12 can remain by a predetermined 

10 thickness. A reason for allowing the pad oxide film 12 to remain by a 
predetermined thickness is to prevent the top surface of the semiconductor 
substrate 10 from being damaged during the etching process. Here, when the 
pad oxide film 12 remains by a predetermined thickness, the remaining pad 
oxide film 12 is completely patterned through a subsequent process for 

1 5 forming spacers 20 (see Fig. 2). At that time, in the etching process using a dry 
etching method, C x H y F z (where x, y and z are 0 or natural numbers) gas is 
used as a main etching gas, and any one of SF 6 , Cl 2 , N 2 , 0 2 , HBr, Ar and He is 
used as an additive gas. Thereafter, the photoresist pattern 18 is removed 
through a strip process. 

20 [0015] Referring to Fig. 2, spacers 20 are formed on inner side walls of 

the pad oxide film 12, the pad nitride film 14 and the capping layer 16 
patterned in Fig. 1. The spacers 20 are formed by depositing oxide-based 
material on the whole structure and performing an etching process thereto. At 
that time, it is preferable that the spacers 20 are formed to have a thickness of 
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100 A to 1000 A. This etching process may be performed using the same 
method as the etching process performed in Fig. 1, and may be performed 
using a blanket etching method or an etch-back method without an etching 
mask. 

5 [0016] Referring to Fig. 3, after forming the spacers 20 in Fig. 2, an ion 

implanting process (hereinafter, referred to as a "first ion implanting process") 
is primarily performed. The first ion implanting process is preformed to the 
semiconductor substrate 10 exposed in Fig. 2, by using inert gas in the 
periodic table such as Ar, He, Ne, Kr, Xe, and so on. At that time, the first ion 

10 implanting process is carried out with an ion dose of l.OxlO 10 ions/cm 2 to 
1.0* 10 18 ions/cm 2 and an ion implanting energy of 3KeV to 60KeV, so that 
the ions implanted through the first ion implanting process are distributed in 
the semiconductor substrate with a range of about 1000 A to 4000 A. The 
reference numeral "22a" shown in Fig. 3 indicates the distribution of ions 

1 5 implanted through the first ion implanting process. 

[0017] Referring to Fig. 4, after finishing the first ion implanting 

process in Fig. 3, an etching process for increasing a line width is performed. 
This etching process is carried out to the spacers 20, by using a wet or dry 
etching method. At that time, the wet etching method uses a wet etchant 

20 containing fluorine such as HF or BOE. The dry etching method is performed 
using the same method as the etching process described with reference to Fig. 
2. The spacers 20 are etched by 50 A to 950 A through the etching process. As 
a result, the line width is increased by the etched thickness. 
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[0018] Referring to Fig. 5, an ion implanting process (hereinafter, 

referred to as a "second ion implanting process") is secondarily performed. In 
the second ion implanting process, similarly to the first ion implanting process, 
the inert gas in the periodic table such as Ar, He, Ne, Kr, and Xe is used. At 
5 that time, the second ion implanting process is carried out with an ion dose of 
l.OxlO 10 ions/cm 2 to l.OxlO 18 ions/cm 2 and an ion implanting energy of 3KeV 
to 55KeV, so that the ions implanted through the second ion implanting 
process are distributed in the semiconductor substrate 10 with a range of about 
300 A to 3000 A. The reference numeral "22b" shown in Fig. 5 indicates the 
10 distribution of ions implanted through the first and second ion implanting 
processes. 

[0019] Referring to Fig. 6, after finishing the second ion implanting 

process in Fig. 5, the trench 24 is formed through an etching process. At that 
time, in the etching process using a dry etching method, gas containing 
15 elements of a radical group in the periodic table such as Cl 2? BC1 3 , SF 6 and so 
on are used as a main etching gas, and any one of Ar, 0 2 , N 2 , He, and so on is 
used as an additive gas. 

[0020] As describe above, two ion implanting processes as in Figs. 3 

and 5 are carried out for the purpose of causing the lattice defects in a center 
20 portion of the semiconductor substrate 10 in which the trench 24 should be 
formed. As a result, the etching speed in the center portion (that is, an area in 
which the lattice defects are caused) is more increased than that in edge 
portions (that is, areas in which the lattice defects are not caused). Therefore, 
micro trenches can be prevented from being formed in the edge portions of the 
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trench pattern and a micro loading effect generated depending upon pattern 
sizes can be also suppressed. 

[0021] Although the foregoing description has been made with 

reference to the preferred embodiments, it should be noted that the 
embodiments are intended to exemplify the present invention, not to limit the 
present invention. Furthermore, it is to be understood by the ordinary skilled 
in the art that changes and modifications of the present invention may be made 
without departing from the spirit and scope of the present invention and 
appended claims. 

[0022] As described above, according to the present invention, by 

performing an ion implanting process to an area of a semiconductor substrate 
in which a trench would be formed to cause lattice defects in the area before 
forming the trench, an etching speed of the area is increased in subsequent 
trench forming processes. As a result, it is possible to prevent micro trenches 
from being formed in edge portions of patterns and to suppress a micro 
loading effect to be generated depending on pattern sizes. 
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